Background: Using digital games for educational purposes has been associated with higher levels of motivation among learners of different educational levels. However, the underlying psychological factors involved in digital game based learning (DGBL) have been rarely analyzed considering self-determination theory (SDT, Ryan & Deci, 2000b); the relation of SDT with the flow experience (Csikszentmihalyi, 1990) has neither been evaluated in the context of DGBL.
students), while other mechanics could even hinder motivation (e.g. collecting points could be perceived as boring). According to Squire (2011) , good games have the potential to inspire interest, creativity, and social interaction. However, there are also games that, despite their intentions to be educational and playful, fail to engage certain types of learners.
In order to find out what makes a digital game achieve its educational and playfulness objectives, we make the hypothesis that we should consider the analysis of DGBL on a microlevel (considering the learning mechanics and game mechanics) rather than on a macro level (considering the game as a whole). The micro-level approach aims to study the DGBL according to the specific learning and games mechanics, which constitute the game. In order to achieve this aim, we define two specific research questions: In order to answer these two research questions, the following sections provide a review of the literature that analyzes the DGBL effects on students' motivation at different levels of education. After reviewing these studies, we introduce the self-determination theory (SDT, Ryan & Deci, 2000b) as one of the most complete and actual motivation theories in the social sciences. We introduce the rationale of choosing the SDT for the analysis of DGBL. Finally, we analyze SDT components according to their links with the LM-GM model (Lim et al., 2013) .
Digital game based learning and motivation
The existing body of research that analyzed the use of digital games in education generally shows an overall positive link between the use of DGBL and their motivational effects among the learners (Groff, Howells, & Cranmer, 2010; Gros, 2007; Ritzko & Robinson, 2006) . Over a review of more than 70 empirical research studies on the use of digital games in the classroom from Connolly, Boyle, MacArthur, Hainey and Boyle (2012) , the most observed positive outcomes were affectivity and motivation (n = 33) and learning (n = 32). Also, according to Wouters, Van Nimwegen, Van Oostendorp and Van Der Spek (2013) , the potential of games to foster intrinsic motivation is mentioned in much research. Players are willing to spend more time and energy to complete an activity when they see it as fun (Wouters et al., 2013) . In addition, two of the key factors that are associated with digital games are autonomy (possibility to make relevant choices) and competence (the task represents a challenge while being achievable), which are core components of the self-determination theory that positively influence motivation (Wouters et al., 2013) .
Aside from motivation, games also demonstrate the potential to inspire interest, creativity and social interactions from students (Squire, 2011) . Although he sees great potential in the use of games in education, Squire (2005, p. 4) indicates that many contextual elements need to be taken into account for motivation to emerge: "motivation for the gamers in my study was thus not simply a 'property' or variable that they either had or did not have; motivation emerged through the intersection of students' goals and life histories, the game's affordances, and the institutional context". In his experiment, Squire (2005) attributes the appearance of motivation to a coherence between these many contextual elements and not only to the use of a game itself. Also, according to Filsecker and Hickey (2014, p. 138) , "the kinds of cognitive strategies used might well be what distinguish motivated and unmotivated learners" (Renkl, 1997) . Those inconsistencies lead us to conclude that not every game experience is perceived as fun by the players. Those inconsistencies also bring the hypothesis that digital games have indeed the potential to foster motivation and learning, but that this potential might not turn into a concrete form if certain requirements regarding the game, the learners and the learning context are not met. Wouters et al. (2013) suggested that games that are considered as motivating by the players may lead to a greater engagement in the game play from them. This is why including a motivational theory, such as self-determination theory (SDT, Ryan & Deci, 2000b) , in the game design and educational integration might increase the probabilities that the game would be considered 'fun' by the players. By examining digital games under the perspective of SDT, we might find clues on the different elements that games could include in their design in order to increase their motivational potential. Since we inspect the game design on a micro level, the LM-GM model from Lim et al. (2013) will be used, because it analyzes serious games according to their respective Learning Mechanics and Game Mechanics.
In the next sections, we will analyze the LM-GM model under the self-determination perspective in order to identify the self-determination components related to the learners' motivation in a context of DGBL (RQ1) and to evaluate the self-determination components that can be operationalized through the Learning Mechanics and Game Mechanics (LM-GM) model (RQ2). Based on these analyses, we propose a theoretical framework allying LM-GM and SDT that could help to explore the underlying components that map the use of digital games to the motivational effects. The goal behind the combination of SDT and LM-GM would be to overcome the motivational limits of games and to contribute to a better analysis of the motivational factors of DGBL. In the next section, we will review the SDT as well as its main components.
Self-determination theory (SDT) and motivation

Motivation theories in DGBL
Two of the common motivational theories used with DGBL are the flow experience (e.g. Chen & Hwang, 2015; Franciosi, 2011; Garris, Ahlers, & Driskell, 2002; Kiili, Lainema, de Freitas, & Arnab, 2014; Su & Hsaio, 2015) and the Cognitive Evaluation Theory with the use of intrinsic motivation (e.g. Erhel & Jamet, 2013; Huang et al., 2010; Yang, 2012) .
The flow theory features a concept called the flow experience which was introduced by Csikszentmihalyi (1975) . According to Csikszentmihalyi (1990) , this concept can be defined as a complete state of cognitive absorption or engagement in a task, in which the individual is not affected by thoughts or emotions unrelated to the task. Kiili et al., (2014) extended the flow theory to include playability and demonstrated the potential of the flow theory in evaluating the quality of educational games.
The Cognitive Evaluation Theory from Ryan and Deci (2000a) categorizes motivation into two different types: intrinsic motivation and extrinsic motivation. "The concept of intrinsic motivation (IM) refers to behaviours performed out of interest and enjoyment. In contrast, extrinsic motivation (EM) pertains to behaviors carried out to attain contingent outcomes (Deci, 1971 )" (Vallerand & Ratelle, 2002, p. 37) .
Intrinsic motivation is often used to affirm that games in educational contexts are fun (e.g., Liu, Horton, Olmanson, & Toprac, 2011) . Using a theory such as SDT instead of CET to evaluate motivation in games could be very beneficial since, as we can see in Ryan and Deci (2000b) , SDT is a meta-theory that englobes CET. In the next sections, we introduce SDT and its advantages in relation to the CET model.
Self-determination theory (SDT)
While SDT is different from the Cognitive Evaluation Theory and the Flow Theory, it does share common ground with both of them. Both Kowal & Fortier (1999) and Lee (2005) were able to establish a link between SDT and the flow theory. In Kowal and Fortier (1999) , participants who had a self-determined motivation reached the highest states of flow experience. In Lee (2005) , students with higher self-determined motivation were more likely to reach the flow experience and to be deeply engaged in their task.
SDT is also linked to Cognitive Evaluation Theory (CET), since SDT was created with the CET as its core. Deci and Ryan (2000) decided to combine CET with three other motivational theories in order to make a motivational theory that would be more complete. That new theory of motivation developed by psychologists Deci and Ryan (2000) was given the name SelfDetermination Theory and is described as the following: "Self-determination theory focuses on the dialectic between the active, growth-oriented human organism and social contexts that either support or undermine people's attempts to master and integrate their experiences into a coherent sense of self" (Deci & Ryan, 2004, p. 27) . In order to achieve growth, people should be able to develop the three following needs: autonomy, competence and relatedness.
Autonomy. This concept refers to the ability "to self-organize and regulate one's own behavior (and avoid heteronomous control), which includes the tendency to work toward inner coherence and integration among regulatory demands and goals" (Deci & Ryan, 2000, p. 252) . In other words, it refers to "being the perceived origin or source of one's own behavior" (Deci & Ryan, 2004, p. 8) .
Connection or relatedness.
This concept refers to the need for belonging and attachment to other people as we can see in the next two definitions. "To seek attachments and experience feelings of security, belongingness, and intimacy with others" (Deci & Ryan, 2000, p. 252) . "Relatedness refers to feeling connected to others, to caring for and being cared for by those others, to having a sense of belongingness both with other individuals and with one's community (Beaumeister & Leary, 1995; Bowlby, 1979; Harlow, 1958; Ryan, 1995) " (Deci & Ryan, 2004, p. 7) . Also, that need for relatedness concerns the sense of being with others and is not fueled by the attainment of specific outcomes such as social status gain (Deci & Ryan, 2004) .
Competence. According to Deci and Ryan (2000, p. 252) , competence means "to engage optimal challenges and experience mastery or effectance in the physical and social worlds". Using White's (1959) definition of effectance, Klimmt & Hartmann (2006, p. 137 ) defined this concept as "the satisfaction of having imposed an effect on the environment". Within SDT, the concept of competence means that individuals are seeking the pleasure of being effective with what they engage themselves (Deci & Ryan, 2000) . That need for competence would lead people to "seek challenges that are optimal for their capacities and to persistently attempt to maintain and enhance those skills and capacities through activity" (Deci & Ryan, 2004, p. 7) .
Those three components represent key elements that can positively influence intrinsic motivation as well as autonomous motivation (Deci & Ryan, 2000) . We will further elaborate on the different types of motivation in the next section.
The continuum of autonomy and motivation within SDT
Within SDT, different types of motivation are distinguished depending on the reasons or goals that are related to the emergence of a new action (Ryan & Deci, 2000b) . According to this theory, "motivation concerns energy, direction, persistence and equifinality-all aspects of activation and intention" (Ryan & Deci, 2000b, p. 69) . Then, motivation is divided into three categories (see Figure 1) . Lack of motivation is referred to as amotivation (Ryan & Deci, 2009) . Intrinsic motivation "refers to doing something because it is inherently interesting or enjoyable" (Ryan & Deci, 2000a, p. 55) and Extrinsic motivation "refers to doing something because it leads to a separable outcome" (Ryan & Deci, 2000a, p. 55) .
In order for learners to feel self-determined within an educational context, we can assume that they would need to develop a certain level of competence, connections with other people (peers, teacher/s, parent/s…) within a certain margin of autonomy that would allow them to feel in control of the learning task and their activities within the task. To that, we can add a coherence between the task and students' own goals.
SDT in education
According to the literature review of Reeve (2002) , the autonomy of learners is related to their well-being in the classroom. The literature review of Reeve (2002) also indicates that students benefit from having a teacher who allows them to have a certain level of autonomy in the Table 1 . Continuum in the self-determination according to the type of regulation and autonomy (Ryan & Deci, 2009) classroom, which seems to allow students to develop their orientation to grow, feel more competent, more confident, more open-minded and creative.
Almost a decade after proposing the SDT, Ryan and Deci (2009, p. 179 ) highlighted a positive link between teachers that facilitate a certain degree of autonomy and the degree of engagement and motivation felt by learners: "various studies of elementary and high school students (e.g., Hardre & Reeve, 2003; Jang, Reeve & Deci, 2007; Skinner & Belmont, 1993) have shown that teachers' autonomy support is related to students' autonomous motivation and engagement". So, these results are showing the possibility that students' perception of autonomy can be influenced by how 'autonomy supportive' their teacher is.
A literature review was performed by Taylor et al. (2014) on 18 studies that "assessed the relation of motivation types according to SDT to school achievement" (Taylor et al., 2014, p. 344 ) by using the Academic Motivation Scale (AMS) from Vallerand and Bissonnette (1992) . That literature review pointed out a relation between STD and academic achievement. In secondary education, Taylor et al. (2014, p. 345) found out that "intrinsic motivation and identified regulation have a moderately strong, positive relation with school achievement". Also, they observed that "introjected and external regulation had a weaker, but significant negative relation with school achievement" (Taylor et al., 2014, p. 345) and that "amotivation had a strong, negative relation to school achievement" (Taylor et al., 2014, p. 345) .
SDT within digital games
According to Katz and Assor (2007, p. 439 ), a game is more likely to be considered 'fun' by students if they can relate to their personal life with the game or if they are offered meaningful Autonomy choices that take into consideration their "needs, interests, goals, ability and cultural background". That led us to believe that we may be able to increase the odds that a game is considered motivating by integrating certain components into the game mechanics. According to SDT, those elements would be autonomy, competence, relatedness and a coherence between game's goals and students'.
In a context where we are working to foster very specific components within the mechanics of the game, a model such as the LM-GM can come in very handy. A model such as LM-GM that looks at a serious game design at a micro level becomes useful, since it gives the possibility to use game mechanics in a way that fosters SDT components.
The learning mechanics game mechanics model and game design
In this section, we describe the LM-GM model from Lim et al. (2013) and how it can be used in game design. After that, we analyze its impact on games on which it has been used so far.
Introduction to LM-GM model
There is a lack of robust methodology that informs the correlation between mechanics related to learning and playing, which introduces a huge challenge in guaranteeing efficacy and success Arnab & Clarke, 2016; Garris et al., 2002; Wilson et al., 2009 ). Existing frameworks for designing serious games "do not specifically target the analysis of the relationships between game mechanics and learning constructs, which is a key factor in the game design for learning" (Arnab et al., 2015, p. 394) .
To map pedagogical constructs to entertaining gameplay, Lim et al. (2013) proposed the LM-GM and was evaluated by Arnab et al. (2015) as a Serious Game (SG) analysis guideline with positive outcomes. As a general overview, the pedagogical elements are viewed as an abstract interface while game elements are deemed as a concrete interface of SGs. This means that pedagogy and its methods are abstract (theoretical and conceptual), while game mechanics are concrete, i.e. by rules or algorithms. Figure 2 lists an example of the learning mechanics (LMs) and the game mechanics (GMs). The mechanics that support both learning and games are regarded as abstract or concrete, depending on the mode of operation, where the abstract elements are more conceptual and the concrete counterparts are more explicit and implementable. The concrete mechanisms enable abstract concepts to work. The model is, however, descriptive and not prescriptive, "in the sense that it allows its users to freely relate learning and gaming mechanics to describe SG situations by drawing a map and filling a table" (Arnab et al., 2015, p. 396 ).
What we know so far of the impact of games designed using the LM-GM model in education
The LM-GM model can be used to either aid SG design or game analysis, where it provides a concise means to map how ludic elements link to pedagogic intent directly based on a player's actions and game play, i.e. SG mechanics. For instance, the model has been used to develop the design of the PR:EPARe game -a game to aid discourse on relationships and sexual pressure and coercion within a classroom setting (Arnab et al., 2013) , where the abstract and concrete aspects of learning mechanics and game mechanics were used to identify the pedagogic delivery style that the game should take. Efficacy testing of the game solution was validated through a cluster-randomized controlled trial in local schools in the UK (n = 505), which indicated positive outcomes in favour of the game-based approach. Those results are based on self-reported measures of psychosocial preparedness for avoiding coercion, as well as the observation data on students and teachers experience through the process. This evaluation of PR:EPARe has also led to the development of a more transdisciplinary methodology for game-based intervention design, where the different considerations taken to develop the game were infused (Arnab & Clarke, 2016) . The LM-GM model is merged with the Mechanics-Dynamics-Aesthetics (MDA, Hunicke, LeBlanc, & Zubek, 2004) model, commonly used for entertainment games in order to marry the pedagogical (serious) aspects with the entertainment attributes of gameplay.
The LM-GM model has also been included as an important component towards informing the design of stealth assessment via a serious game within an intelligent scaffolding infrastructure (Baalsrud-Hauge et al., 2015) , demonstrating the potential impact of LM-GM to inform stealth learning analytics via game mechanics. Reusability is, however, a key challenge due to the fact that serious games can be bespoke and not immediately re-purposable (Arnab & Clarke, 2016) . Towards addressing this issue, Baalsrud-Hauge et al. (2015) analysed the mapping of the learning and game mechanics of two serious games -PR:EPARe and Seconds, which led to the definition of key SGM reuse principles, which demonstrated how the LM-GM model can be used to inform the analysis of serious game mechanics (SGM) towards identifying reusability.
The game and learning mechanics under the perspective of the Selfdetermination theory (SDT)
Game mechanics involve a certain degree of interaction with the game artifact or the other players that are involved in the game activity. As a mechanism of interaction, 'retroactivity' represents a key aspect of the game mechanics that allows players to move forward within the game (Koster, 2013) . Interactions with a game involve some degree of extrinsic motivation based on its retroactions. This characteristic has been highlighted by Dunwell, de Freitas and Jarvis (2011) as a positive aspect of games. A deep engagement of the player-learners inside the game universe can be interpreted as a sign that digital games used can also promote the emergence of autonomous motivation. The game and learning mechanics analysis under the perspective of the Self-determination theory (SDT) displayed in Figure 3 , was developed with the intention of getting a bigger picture of the LMGM-SDT framework and advance the study of motivational factors in DGBL. The framework was created by mixing together the LM-GM classification based on Bloom's taxonomy from Arnab et al. (2015) and the self-determination continuum from Ryan and Deci (2009) . The rationale behind that framework was to identify and analyze the game mechanics (intending to support the game experience) and learning mechanics (intending to support the learning activity) with a potential to support motivation. In order to analyse the LM-GM under the lens of SDT, we identified the learning mechanics and game mechanics that seemed to have a clearer link with the SDT components of the selfdetermination continuum from Ryan and Deci (2009) , which ranges from amotivation, to extrinsic motivation and ends with intrinsic motivation as its highest level (represented in Figure 3 in the horizontal axis). In the vertical axis, Figure 3 is organized on the Bloom's taxonomy (last column in bold), from retention at the lowest level and creating in the higher level. The central columns display the game mechanics (left) and learning mechanics (right, grey color and italic) according to their extrinsic and intrinsic motivation potential.
Since games always provide a certain level of interaction with the game artifact or the other players (Koster, 2013) , none of the game nor learning mechanics were placed into the amotivation zone of the table. Also, the learning outcomes and motivational potential will depend on the implementation of the mechanics within the learning situation where the game is integrated. This means that the same mechanic can be placed in different places depending on the concrete form it takes within the game environment. By classifying them both on selfdetermination continuum and on Bloom's ordered thinking skills, it becomes possible to evaluate the pedagogical outcome as well as the motivational potential of the mechanics that are used within the game.
Due to the neutral aspect or their motivational potential, some game and learning mechanics of the LM-GM model, such as the meta-game mechanic and realism mechanic, cannot be classified. The LM-GM model was based on Bloom's learning theory in Arnab et al. (2015) in order to introduce a taxonomy to classify the different Learning Mechanics and Game Mechanics. That way, game mechanics and learning mechanics can be used in a way that fosters very specific thinking skills and to make sure that the game as a whole remains an efficient learning tool. The same principle can also apply to motivation by exploiting game mechanics and learning mechanics in a way that fosters SDT components. In addition, considerable attention should be paid to the context and manner in which the different mechanics are integrated within the game, since it can affect the SDT continuum perception of the learner. For instance, the game mechanic 'progression' can be in both the second and fourth columns, because depending on how this mechanic is used, it can be perceived by the student as a controlling mechanic (e.g. If every student has to go through A, B, C, D and E in that specific order to reach F) or an autonomy supporting mechanic (e.g. If students are suggested a certain pathway by the game in order to reach F, but they are the one deciding how they want to reach F).
Discussion
In this paper, we introduce a framework that combines both a game design model and a motivational theory. That framework aims to improve the motivational potential of games by allowing learners to develop their autonomous motivation.
Our first research question (RQ1) aimed to identify the self-determination components related to learners' motivation in a context of DGBL. In order to develop the learners' motivation, specifically autonomous motivation, which has been related to a positive impact on academic achievement (Taylor et al., 2014) and engagement (Lee, 2005) , the game based learning activity should be in coherence with four requirements of the player activity: the students' goals (requirement 1), students' feeling of autonomy (requirement 2), competence (requirement 3) and relatedness (requirement 4) within the game. According to SDT, if these four requirements are met, then the game should foster autonomous motivation. Our second research question (RQ2) aimed to find a way to operationalize SDT components through the Learning Mechanics and Game Mechanics (LM-GM) model. As we saw in Figure  3 , the LM-GM model aims to facilitate the operationalization of the game mechanics in a way that can foster different motivation types. In order to foster SDT components, a special attention needs to be paid to the nature of the mechanics that are used (which mechanics), since different mechanics will have different impacts. Also, as we saw in the previous section with the game mechanic progression, the way that mechanics are operationalized within the game can also have an impact on how they are perceived by players.
Analyzing the LM-GM from the perspective of SDT shows the need to evaluate the learning mechanics and game mechanics in the context they are used. For instance, a game designed with a game mechanic (e.g. communal discovery) could foster the player-learners' autonomy and self-determination. If there is too much external regulation from the instructional support provided by the teacher, the learners' perception of autonomy may be reduced. On the other hand, a game with mechanics that only promotes externally controlled motivation could be integrated in a more challenging task with higher degrees of autonomy (e.g. meaningful choices) and team engagement. In all cases, we should consider having a balance between many factors such as the level of external and intrinsic motivation provided by the digital game, the learners' level of competence and their regulation and co-regulation capabilities to avoid under and over regulation situations (Romero & Lambropoulous, 2011) , which could end up having a negative impact on the learners' motivation and engagement. The framework we assembled combines both the self-determination motivational theory and the LM-GM framework. While both SDT and LM-GM seems individually promising, we have yet to explore their compatibility. In order to investigate the compatibility and the pedagogical relevance of the framework, we still need to experiment it in a concrete class setting. However, the present paper does bring forward evidences that a game design that meets the four requirements of the player activity should contribute to enjoyment, motivation and engagement.
